Introduction
A theory of cell correlation has been formulated by LUND (3) in which it is suggested that the continuous electrical currents produced by polar cells may control and modify the magnitude and direction of various processes in other cells. LUND and his coworkers have accumulated considerable evidence showing definite correlations between maintained electrical potentials and cell processes.
One of the most interesting and familiar examples of cell correlation is the inhibition, in certain plants, of the normally dormant axillary buds and the subsequent release of this inhibition after the decapitation of the plant. At the end of a series of extensive experiments mainly on Phaseolus multiflorus, MCCALLUM (4) states: "This non-development (of axillary buds) does not seem to be due to any lack of those conditions that favor growth, as nutrition and moisture, or to such influences as light and gravity, or to a lack of definite 'formative substance,' but to some influence, independent of all these, which an organ, acting perhaps along protoplasmic connections, is able to exert over other parts and so prevent their growth."
The work of DOSTAL (1) and SNOW (6) indicated that a hormone-like substance was involved in this inhibition of bud development. In 1933 THIMANN and SKOOG (7) demonstrated that the growth substance applied to the cut surface of the decapitated plant reversibly inhibited the buds. Although the concentration of the growth substance necessary to cause complete inhibition was many times greater than the amount that could be isolated from the apex, it seems probable that the growth substance is in some manner linked with this inhibition.
The question arises, do bioelectric currents play a role in the inhibition and regeneration of the buds? If so, since the buds are inhibited continuously, one would expect to find electrical polarities of relatively constant orientation. The experimental work reported in this paper is therefore devoted to a study of the distribution of electrical polarities in such a plant. The scarlet runner bean, Phaseolus multiflorus, was used as experimental material. A discussion of the recent literature on the relation between the growth substance and potential differences will be given in a later paper. 1 One of a series of papers on bud inhibition. 365 PLANT PHYSIOLOGY .chamber did not vary more than one degree over a period of hours. Plants grown in the greenhouse were placed in the experimental chamber 24 hours before an experiment.
Contact with the plant for the purpose of measuring the potentials was made as shown in figure 1 . From the end of the contact cup, V, which contained tap water, unless otherwise specified, a linen thread, T, was looped around the plant. The contacts were washed by placing several drops of the same solution as that in the contact cups on the linen threads. The level of the solution in the cups was so regulated that these drops were drawn into the cups. The contact cup, V, was large enough to permit frequent washing of the linen thread without changing the size of the drop of solution that adhered to the plant. As many as sixteen of these contacts could be placed at one time on a given plant.
The potentials were led off from cup V to the potentiometer or electrometer by non-polarizable Zn-ZnSO,4 electrodes. The electrodes were checked before and after each series of readings. An electrode was usually placed in each vessel and, with the aid of a mercury cup switchboard that had a reversing key, as many as three readings per minute could be taken with the potentiometer.
Orientation and behavior of maintained potential differences in Phaseolus multiflorus PRELIMINARY EXPERIMENTS In these experiments plants grown both in the greenhouse and in the experimental chamber were used. Contacts were placed along the main axis and petioles of the plants, and the potential differences were measured at intervals over a period of hours and days. When both contacts in a given measurement were washed, the potential difference would sometimes show a momentary change of about 3 or 4 millivolts, followed by a return to the original potential difference. If only one contact was washed it became more positive with respect to the unwashed contact. The magnitude of this change was usually from 4 to 6 millivolts. The PLANT PHYSIOLOGY ferences in the node are labelled. The potential differences from A1 to B1, from A1 to P1, and from A1 to P1' will be referred to as,first node potentials, and A2B2, A2P2, and A2P2' as the second node pbterntials. A1, P1, P1', A2, P2 and P2' were each placed 1 cm. from a point at the center of the corresponding node. B1 and B2 were each placed 1 mm. below the corresponding node. The same convention with regard to the sign of the potential differences will be employed as that used in other work from this laboratory; that is, if Al is negative to B1 in the external circuit, AlBl is written with a negative sign before it; and if A1 is positive to B, AlBl is written with a positive sign before it.
ORIENTATION OF POTENTIAL DIFFERENCES IN FIRST AND SECOND NODES UNDER VARIOUS CONDITIONS
The orientations of the node potentials are presented by means of four tables and several figures. In tables I and II, column 3 gives the total number of readings. The readings were usually taken at 1-to 2-hour intervals during a period of 8 to 10 hours a day. Sometimes the potentials were measured at shorter intervals. The measurements taken at short intervals were grouped into periods corresponding to the time intervals between the other measurements, averaged, and the average recorded as one reading. On the plants in table III, readings were taken on the electrometer at 5-minute intervals for definite periods and the number of readings (column 3) records the actual number of measurements. Column 4 of the three tables gives the percentage of normal readings, that is, the percentage of readings in which A1 or A2 was negative in the external circuit to the other contact for a given measurement. In these experiments the periods of measurement were not prolonged in order to determine the duration of a given inversion. Therefore the percentage of normal readings is a meausre of the relative time the potentials possessed the normal orientation. Column 8 gives the duration of the experiment, which is the time between the first and last reading.
At the beginning of the experiments, the plants in Periods of inversion occur in both nodes, as is evident from an examination of tables I, II, and III. Inversions occur without any apparent significant variations in the known external conditions. The temperature during the inversion represented in figure 3 B varied only one degree (from 290 to 300 C). These inversions usually last from a few minutes to several hours. Sometimes an inversion may take place in only one of the node potentials. Figure 4 A shows such an inversion in the node potential A,P, that lasted only a few minutes. The inversion was preceded by a gradual decrease in the magnitude of the potential difference and followed by a gradual increase to approximately its former magnitude. Accidental movement of the plant often caused the node potentials to diminish and even to become inverted. This type of inversion, however, is followed by a rapid return to the former magnitude.1 'From the beginning of the second afternoon to the beginning of the third afternoon, represented by C, bud P1' grew 0.5 mm. Correlated with this is the fact that the inversion of the corresponding node potential A1P,' was greater than that, of the other node potentials. However, in following up this lead, the writer found that periods of without any noticeable increase in bud length. The longest period of inversion in which the potentials were measured the entire time was 9 hours. The buds did not grow during this inversion. 2 In only one plant were there flower buds present on the second node that definitely increased in length during the period of measurement. The potentials of the nodes were averaged in the same manner as those in table IV. The percentage of readings that possessed the normal orientation was 99.3 per cent. and 34.9 per cent. for the first and second nodes respectively. This suggests that inversion of the node potentials may be associated with the elongation of the flower buds. However, before a definite conclusion may be reached, more work must be done.
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The standard deviation was calculated for plants 4, 5, 6, and 7. For the first node it was 11.95 ± 0.55; 10.3 + 0.45 for the second node. The shapes of the frequency distribution curves were neither symmetrical nor similar, so that the difference is scarcely significant.
COMPARISON OF A LONGITUDINAL POLARITY BETWEEN HOMOLOGOUS POINTS ON
TWO ADJACENT NODES WITH THE NODE POTENTIALS Table IV shows a comparison of the orientation of A2A1 with that of the potentials of the first and second nodes. The node potentials and A2A1 were always measured at the same reading on the plants represented in this table. Column 2 gives the percentages of the number of readings in which A2 was negative to A1. Column 3 records the average potential difference of A2A1. Plants 1, 2, and 3 of table IV were taken from a group that were passing into the flowering state.
In plant 1, A2 was usually positive to A1; in plant 3, A2 was almost always negative to A1. The same variation of A2A1 from plant to plant is also found in plants 4, 5, 6, and 7, which were all grown in the greenhouse and measured in the experimental chamber. It is evident that the node potentials show a much greater constancy in orientation than A2A1, and that under the experimental conditions the plants did not exhibit a constant longitudinal polarity.
BEHAVIOR OF NODE POTENTIALS IN THE DARK
The foregoing experiments demonstrate that the potentials of the node possess a relatively constant orientation in artificial light and in normal daylight. The question then arose, are the potentials of the nodes maintained in the dark?
In the experiments reported here the plants were grown in the greenhouse and measured in the open, but protected from the wind. Figure 4A shows the magnitudes of the first node potentials in passing from daylight to darkness. It can be seen from these curves that the relative magnitude and orientation of the node potentials are maintained for the first hour in the dark. Figure 4B shows the magnitudes of the second node potentials in passing from darkness to daylight. The break in these curves was caused by washing and readjusting the contacts. It is evident from the curves that in the latter part of a period of darkness the node potentials are still maintained and that there is no immediate effect on passing into daylight. the first node were of approximately the same magnitude in daylight as in the dark. The second node was inverted during the first period in the dark. During the last period in the dark the potentials of the node were low.
In plant 2 of this table the periods of light were in the afternoon. The first period in the dark was from midnight to 3: 00 A.M.; the second from 8: 00 to 10: 00 P.M.; and the third from 5: 00 to 6: 00 A.M. the next night. The node potentials were also maintained during periods of darkness in the experimental chamber. The temperature, in the experiment represented by A ( fig. 4) , varied from 28.50 to 260 C.; in that of B ( fig. 4) , it varied from 250 to 26.50 C.
It is evident from these results that the node potentials are maintained in the dark and that occasionally periods of inverted orientation may occur. The mechanism for the production of these potentials is not, therefore, directly dependent on the photosynthetic mechanism. solution to the other, the contact vessels were always cleaned and refilled three times with the new solution. Figure 5B shows the result of application of the constituent electrolytes of Shive's solution on the potential difference, i.e., KH2PO4, MgSO4, and Ca(NO,)2. Figure 5C shows In order to find out whether or not the potential differences could deliver continuous currents, the following experiments were performed. Contacts containing Shive's solution were placed at A1 and B1 on several plants and the current was led off to a microammeter. On closing the circuit, a deflection of about 0.1 microampere resulted which was maintained as long as the circuit was closed. The microammeter was not sensitive enough, so a galvanometer, calibrated to measure currents, was used in the next experiment. In order to reduce the resistance of the circuit, the contact at A1 was moved downward several millimeters. The distance between this contact and B, was now 8 mm. The circuit was closed for varying lengths of time. The circuit was broken for a minute or so when the potential differences were measured with these contacts. The potential difference between these two contacts was -10 millivolts and the current was 0.128 microampere immedi-
